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Abstract 
Edible insects have become popular in the past few years not only in the scientific literature but in 
other media as well. One of the major advantages of entomophagy (eating insects) is said to be the 
great nutritional composition. Many sources report that insects (generally) have better nutritional 
characteristics than traditional protein sources. In our research, we aim to give a complete picture 
of the nutritional profile of insects using a multicriteria optimization method, sum of ranking 
differences. The materials we used are published results of different authors from the past few 
years. The proximate analysis tells that insects generally have a better nutritional profile than other 
meats. The situation is a bit different in the case of mineral content; hence some vegetables have 
excellent mineral sources but waxworm larvae were ranked in the first three. Additionally, 
waxworm larvae have the most similar amino acid pattern to the FAO recommendation for adults. 
Earthworm, house cricket, and mealworm larvae showed the most promising vitamin content; 
however, huge differences were observed between the developmental stages of insects. A detailed 
analysis of these differences on the example of mealworms showed that adults may present a better 
option from the nutritional point of view. Same measurements conducted by different authors on 
the same species show considerable differences; hence the comparison of the results of different 
publications is dubious and should be handled with care. Based on our results, insects have a 
promising nutritional profile and may become part of many food products in the future. Present 
status of knowledge allows to conclude; which insect is best suitable for human consumption. 
 
1 Introduction 
Entomophagy, or insect-eating, has become a new trend in food sciences since 2013 after FAO 
published its working paper entitled “Edible insects: future prospects for food and feed security” 
(Arnold van Huis et al., 2013). Since then, the number of publications dealing with the potential 
use of insects as human food is continuously increasing year-by-year (Müller, Evans, Payne, & 
Roberts, 2016). More and more events, clubs and consumer groups are formed, which all aim the 
promotion of entomophagy. Its popularity is due to the several benefits, researchers enumerate 
environmental aspects, social-, economic advantages and valuable nutritional profile of certain 
insect species.  
Insects, or mini-livestock, require less space for husbandry due to their special needs and abilities 
(e.g. flying). While traditional livestock requires horizontal land, insects, e.g. crickets, are usually 
bred in stocked boxes; hence vertical space is used more effectively. In countries, where insects 
are traditionally consumed, breeding is done using inexpensive materials in the backyards or in 
the household kitchen as well (Arnold van Huis et al., 2013). Land use of mealworm production 
was reported as 1.81-14.12 × lower compared to traditional proteins such as milk, chicken, pork, 
and beef (Oonincx & de Boer, 2012). Water requirement of insects is significantly lower compared 
to other protein sources. For example, cricket farming requires 2 liters water per gram of protein 
produced, while beef needs 112 liters (Gahukar, 2016). Agriculture is the leading contributor of 
total greenhouse gas (GHG) emission, which can also be moderated by replacing traditional 
proteins with insect-based alternatives. Compared to cows, insects produce significantly fewer 
amounts of GHGs, especially methane, carbon dioxide and nitrous oxide (Oonincx et al., 2011). 
Consumption of insects can contribute to the reduction of agricultural land use and carbon footprint 
of current food production (Alexander et al., 2017). 
Insects also have desirable characteristics from a nutritional point of view. Several articles deal 
with the nutritional composition of different insect species e.g. (Rumpold & Schlüter, 2013). The 
next issues are reported and available easily: proximate nutrient profile, amino acid content, 
vitamins, fatty acid and mineral content of selected species. A common conclusion is that insects 
have better nutritional profiles compared to traditional protein sources (Williams, Williams, 
Kirabo, Chester, & Peterson, 2016). Many authors agree on the benefits of using insects as an 
alternative or additional source of animal protein (Akhtar & Isman, 2018; Yen, 2009; Zielińska, 
Karaś, & Baraniak, 2018). 
In spite of the tremendous number of articles promoting the beneficial characteristics of insects, 
there are some aspects, which obstruct their spread. Food safety authorities face new challenges 
when it comes to insects. Different insect species may carry microbial, chemical, parasitical or 
allergic hazards (Belluco et al., 2013). Furthermore, insects’ advantage of eating almost everything 
from waste to prepared feed gives a hardly controllable issue about their feed, which makes the 
work of food safety authorities even more complex. Another important issue is the consumer 
acceptance of insects as a food source in Western societies. Food neophobia (extreme or irrational 
fear from new food sources), disgust, sensory rejection, and beliefs are all against the acceptance 
of insect-based food products (Gere, Székely, Kovács, Kókai, & Sipos, 2017; Gere, Zemel, 
Radványi, & Moskowitz, 2018; La Barbera, Verneau, Amato, & Grunert, 2017; Shelomi, 2015). 
As scientific literature collects more and more data about the nutritional benefits of insects, the 
available data enables researchers to conduct a detailed comparison of the nutritional profiles of 
insects and traditional protein sources. It has been suggested that the “term ‘insects’ is not a useful 
food category in discussions of health and nutrition” (Payne, Scarborough, Rayner, & Nonaka, 
2016) due to the high variability of their nutritional profile and nutrient values. The different 
nutrient profile implies that some species should not be promoted as healthier than traditional meat 
alternatives (Payne et al., 2016).  
There are, however, several factors, which influence the nutritional profile of mini-livestock. Eri 
silkworm (Samia ricinii) prepupae and pupae showed similar nutritional values regardless of their 
developmental stages and feed source (Longvah, Mangthya, & Ramulu, 2011). However, larvae 
and adult forms of mealworm (Tenebrio molitor) show large differences in their protein- (Finke, 
2002) and fatty acid content (Ravzanaadii, Kim, Choi, Hong, & Kim, 2012). A review of food 
composition data for edible insects reported that even if there are numerous publications about 
nutritional data of edible insects, their quality is unfortunately low (Nowak, Persijn, Rittenschober, 
& Charrondiere, 2016). Out of species and developmental stage, other factors can also influence 
the nutritional profile of the final product considerably, such as e.g. feed and origin of insects 
(Adámková et al., 2017; Fontaneto et al., 2011). The available data clearly show differences in 
nutritional values, protein and fatty acid content, vitamins etc. It is difficult to find an optimum 
from among the various deviating and sometimes contradictory factors. Multicriteria optimization 
is one of the possible solutions for the problem. The algorithm outlined below can cope with this 
optimization task without using subjective weighting schemes (Rácz, Bajusz, & Héberger, 2015). 
In our study, we provide a methodology, which is able to compare insect species and traditional 
protein sources based on their nutritional profile such as proximate, mineral, fatty acid, vitamin 
and amino acid content. A secondary aim is to collect relevant data sources in order to analyze the 
nutritional profiles of insects reared in different countries in order to analyze the geographic 
dependency of insects. 
 
2 Materials and methods 
2.1 Materials 
Although there are several published studies which present nutritional data of certain insect species 
(for a recent review, see Rumpold and Schlüter (2013)), the authors usually analyze a few species 
and different nutrients. In order to create input tables required by multicriteria evaluation, such as 
sum of ranking differences (SRD), one needs multiple nutrients and species. Our literature 
overview resulted three publications, which have the desired characteristics: i) present more than 
six nutrients per table; ii) analyze the commonly consumed insect species; iii) lack of missing 
values.  
From this point of view, Finke (2002) has multiple tables sufficient for the SRD analysis. Table 1 
(proximate analysis), Table 2 (minerals), Table 3 (amino acids), Table 4 (Vitamins) and Table 5 
(fatty acids) have been chosen for the analysis. However, the SRD methodology is entirely general 
i.e. it is not limited to the selected sources. Not only the nutrients but the number of species is also 
sufficient (between 8 and 9, depending on the analysis). In order to compare some of the presented 
nutrient data to other, commonly consumed protein sources, the USDA food database was used 
(USDA, 2018). 
Since T. molitor is one of the most researched insects, data provided by Ravzanaadii et al. (2012) 
was used to evaluate the similarities and differences of nutritional data between T. molitor larvae 
and adult forms, excreta and exuvium. 
In order to introduce the effect of origin on the nutritional quality of insects, the paper authored by 
Adámková et al. (2017) was used, which collected nutritional data of selected insects from 
different parts of the world. Detailed tables about the fatty acid content of three species (T. molitor, 
A. domesticus and G. assimilis) are presented and these will also be compared using the SRD 
method. 
 
2.2 Methods 
Sum of (absolute) ranking differences (SRD) was introduced by Héberger in 2010 (K Héberger, 
2010). Recent investigations (Sipos, Gere, Popp, & Kovács, 2018; Stokes et al., 2018) emphasize 
that the SRD is not a plain distance metric, but a manifold algorithm including a data fusion step 
(as outlined by (Willett, 2013)) and validation steps as randomization test (Rücker, Rücker, & 
Meringer, 2007) and k-fold cross-validation (Hastie, Tibshirani, & Friedman, 2011), as well. 
SRD algorithm contains three stages: i) first a gold standard (benchmark) should be defined 
according to the features of the data set; mean, or median, minimum, maximum, a known standard, 
can all well serve as a benchmark. Then, ii) a column-wise comparison of the index vectors follows 
the calculation of (absolute) differences between standard and individual vector coordinates and 
adding the differences for each object (samples, objects) together. These values are called SRD 
values and rank the individual variables (insect species arranged in the columns of the input 
matrix). All details of calculations are given in our earlier works (Károly Héberger & Kollár-
Hunek, 2011) and (Kollár-Hunek & Héberger, 2013). The final move is the cross-validation, which 
assigns uncertainties to the SRD values. SRD values are normalized between 0 and 100 for easy 
comparability between various datasets. Input data tables of case studies are presented in the 
supplementary material (Table S1-S6). 
 
3 Results and discussion 
3.1 Case study 1 – proximate nutritional profile 
In the first case study, the proximate nutritional profiles of different insect and traditional protein 
sources have been analyzed: protein, fat, fiber, ash, energy, saturated fatty acid content (SFA), 
monounsaturated fatty acid content (MUFA), polyunsaturated fatty acid content (PUFA) and the 
fat-protein ratio (CF:CP). Data was converted to g/100g dry matter except for Energy where 
kcal/100g was used, while CF-CP ratio is a dimensionless quantity.  
Data of five insect species was obtained from Finke (2002); notations are given in brackets: Adult 
house crickets (Ad_a), house cricket nymphs (Ad_n) (Acheta domesticus), superworms (Zm) 
(Zophobas morio larvae), giant mealworm larvae (gTm), mealworm larvae (Tm_l) and adult 
mealworms (Tm_a) (Tenebrio molitor), waxworm larvae (Gm) (Galleria mellonella), and 
silkworm larvae (Bm) (Bombyx mori) (Finke, 2002). Nutritional data of beef, pork, chicken, egg, 
salmon and milk was obtained from the USDA database (USDA, 2018).  
Sum of ranking differences (SRD) method requires a reference (benchmark) variable, which can 
be defined as a hypothetical best protein source according to the used features. This so-called 
“Read” column was determined as follows: row maximum for protein, fiber, ash, MUFA and 
PUFA, while row minimums were calculated for fat, SFA and CF-CP ratio, which means that the 
hypothetical best food source is high in protein, fiber, ash MUFA and PUFA, but contains low 
amounts of fat, SFA and has low crude fat/crude protein ratio. Such a hypothetically “best” protein 
gives us a direction and enables us to find the protein, which is the most similar to it, such a way 
a multicriteria decision making is realized (Lourenço & Lebensztajn, 2018; Rácz et al., 2015).  
Results presented in Fig. 1 show that the lowest SRD value (e.g. protein closer to the hypothetical 
best) was provided by adult Tenebrio molitor (mealworm).  Other developmental stages of T. 
molitor (larvae and its giant form) provided similar SRD values than Acheta domesticus (house 
cricket) nymph and adult forms, which suggests that adult T. molitors have a desirable nutritional 
composition compared to its larvae form based on these data. Traditional proteins are located at 
the right part of the plot suggesting that their nutritional profiles are farther from the theoretical 
best one. Chicken, egg and salmon have lower SRD results, even lower than waxworm larvae 
(Gm), suggesting that Gm (even if it is an insect) is inferior. Larger SRD values were obtained by 
pork and beef, which was expected due to their high fat and SFA content. Milk is positioned after 
the 5% percentile (denoted by XX1), which indicates that its location is not significantly different 
from random ranking. It is also not surprising because milk is a liquid and because of this, its 
nutritional profile shows a different structure (higher water content, etc.) and SRD comparison of 
milk with conventional protein sources is affected by the special features: it will naturally be very 
different from a hypothetical best protein, which was determined based on mainly insects and 
meats. 
 
 
Fig. 1. The SRD values (scaled between 0 and 100) of the proximate nutritional profiles 
determined by sum of ranking differences. An optimum protein source was used as reference 
(benchmark) column, which had the best possible characteristics of the nutrients analyzed. 
Scaled SRD values are plotted on x axis and left y axis, right y axis shows the relative 
frequencies of random ranking distribution function: black curve). The probability ranges are 
also given 5 % (XX1), Median (Med), and 95 % (XX19). Notations in brackets: Adult house 
crickets (Ad_a), house cricket nymphs (Ad_n) (Acheta domesticus), superworms (Zm) 
(Zophobas morio larvae), giant mealworm larvae (gTm), mealworm larvae (Tm_l), adult 
mealworms (Tm_a) (Tenebrio molitor), waxworm larvae (Gm) (Galleria mellonella), and 
silkworm larvae (Bm) (Bombyx mori) 
 
The relatively large difference between SRD=0 and ~16 (Tm_a) shows a possibility to find a 
better insect, another insect with a better profile. 
 
3.2 Case study 2 – mineral content 
 
 
Fig. 2. The SRD values (scaled between 0 and 100) as ranked by mineral content. An optimum 
protein source was used as reference (benchmark) column, which had the best possible 
characteristics of the nutrients analyzed. Scaled SRD values are plotted on x axis and left y axis, 
right y axis shows the relative frequencies of random ranking distribution function: black curve). 
The 5 % probability ranges (XX1), Median (Med), and 95 % (XX19) are also given. Notations in 
brackets: Adult house crickets (Ad_a), house cricket nymphs (Ad_n) (Acheta domesticus), 
superworms (Zm) (Zophobas morio larvae), giant mealworm larvae (gTm), mealworm larvae 
(Tm_l), adult mealworms (Tm_a) (Tenebrio molitor), waxworm larvae (Gm) (Galleria 
mellonella), and silkworm larvae (Bm) (Bombyx mori) 
 
Table 2 of Finke (2002) presents the mineral content of selected insect species. Huge differences 
can be found between species when it comes to mineral content. For example, adult crickets and 
earthworms contain more than 400 mg/kg calcium, superworms and silkworms showed a moderate 
177 mg/kg calcium content. Multicriteria optimization helps us determining, which species show 
desirable mineral composition. In this step, Ca, P, Mg, Na, K, Cl, Fe, Zn, Cu, Mn, I and Se data of 
the next insects are compared: adult house crickets (Ad_a), house cricket nymphs (Ad_n) (Acheta 
domesticus), superworms (Zm) (Zophobas morio larvae), giant mealworm larvae (gTm), 
mealworm larvae (Tm_l) and adult mealworms (Tm_a) (Tenebrio molitor), waxworm larvae (Gm) 
(Galleria mellonella), earthworms (Lt) (Lumbricus terresstris) and silkworm larvae (Bm) 
(Bombyx mori). For minerals, the hypothetical best species was defined as the one containing the 
highest amounts of all minerals.  
Fig. 2 presents the results of the mineral content analysis. Barley shows 0 SRDnorm value, 
meaning that its ranking is identical with the reference. On the second place, however, one can 
find Gm and lentil, showing that Gm is the most similar to the reference and is located before all 
the other animal or insect protein sources. Crickets (Ad_n and Ad_a) show higher SRDnorm values 
suggesting that even if their proximate nutritional profile is promising, there are better alternatives 
if it comes to mineral content.  
In order to test the consistency of the data set provided by Finke (2002), we used three different 
transformation methods: rank (RNK), scaling (SCL) and standardization (STD). After 
transforming the data sets, leave-one-out (LOO) cross-validation was carried out. LOO procedure 
helps to understand the effect of the deletion of the rows (here the minerals) on the final result and 
helps to assign reliable variance to the SRD values. In case of obtaining contradictory results from 
the three preprocessing variants, the ordering in the data set is not random and conclusions should 
be made with care. Fig. 3 shows that STD SCL and RNK transformations are somewhat different, 
but they show mainly the same tendency. RNK transformation provides middle values, but it is 
unable to differentiate between the first three and last four species. All three transformations agree 
on that adult Tenebrio molitor (Tm_a) has the lowest SRD values.  
 
 Fig. 3. Influence of data pre-processing: wo (without) and with rank transformation (RNK), 
range scaling (SCL) and standardization (STD). Normalized SRD values for the mineral content 
for nine insect species. Leave-one-out SRD confidence intervals of each transformation is 
plotted.  
 
Validation of SRD showed that data transformation does not influence the final results 
considerably, hence the aggregated results of the three transformations were evaluated (Fig. 4). 
Two arbitrary lines can be defined (red dashed lines) showing the natural grouping in the data. 
Several species are located below the dashed red line, not only Tm_a. In order to distinguish 
between them, one-way analysis of variance with multiple post-hoc tests was conducted. Least 
significant difference, Bonferroni, Tukey and Scheffé tests agreed on the results that Salmon and 
Beef show the most desirable mineral patterns, however, Tm_a and Lt are the closest to them in 
terms of mineral content. 
 
 Fig. 4. Aggregated results of all three transformations rank (RNK), scaling (SCL) and 
standardization (STD) and without any. Lower SRD [%] values mean that the insect species is 
closer to the hypothetical best one. Notations are: adult house crickets (Ad_a), house cricket 
nymphs (Ad_n) (Acheta domesticus), superworms (Zm) (Zophobas morio larvae), giant 
mealworm larvae (gTm), mealworm larvae (Tm_l), adult mealworms (Tm_a) (Tenebrio molitor), 
waxworm larvae (Gm) (Galleria mellonella), earthworms (Lt) (Lumbricus terresstris) and 
silkworm larvae (Bm) (Bombyx mori). 
 
3.3 Case study 3 – amino acid profile 
Amino acids undoubtedly play an essential role in human nutrition; hence the amino acid content 
of insects is frequently reported in many articles e.g. (Martina Bednárová, Borkovcová, Mlcek, 
Rop, & Zeman, 2013; Ghaly & Alkoaik, 2009). Amino acid profile analysis was done based on 
the data provided by Table 3 of Finke (2002) but in this case, we used the recommended amino 
acid scoring patterns for adults as the reference for SRD (FAO, 2011). This way we can identify 
those insect species, which have the most similar amino acid pattern to the recommended one. The 
reference column of the SRD input table was calculated as percentages of each recommended 
amino acid using the FAO report. This way we do not lose any information about the amount of 
each amino acid, but we can compare the amino acid patterns of the insects.  
 
 
Fig. 5. The SRD values (scaled between 0 and 100) of the proteins determined by sum of ranking 
differences. Recommended amino acid scoring pattern for adults was used as reference 
(benchmark) column. Scaled SRD values are plotted on x axis and left y axis, right y axis shows 
the relative frequencies of random ranking distribution function: black curve). The 5 % 
probability ranges (XX1), Median (Med), and 95 % (XX19) are also given. Notations in 
brackets: Adult house crickets (Ad_a), house cricket nymphs (Ad_n) (Acheta domesticus), 
superworms (Zm) (Zophobas morio larvae), giant mealworm larvae (gTm), mealworm larvae 
(Tm_l), adult mealworms (Tm_a) (Tenebrio molitor), waxworm larvae (Gm) (Galleria 
mellonella), and silkworm larvae (Bm) (Bombyx mori) 
 
Fig. 5 provides a clear rank, Gm larvae is the closest to the 0 SRD value, which means that 
waxworm larvae have the most similar amino acid pattern to the FAO recommendation for adults. 
However, its SRD value is relatively high (SRDnorm=12,5), suggesting that even if it is the closest 
to the reference, there is plenty of room to find a better insect. Although the authors are aware, that 
insects as a child and infant food is not an option yet, SRD was run using the FAO 
recommendations for children and infants also (data not shown). Similar results were obtained for 
children (Gm as the closest to the 0 SRD, followed by Bm, Ad_n and Ad_a), even the SRDnorm 
values were the same. For infants, insects on the first four places were the same in the same order, 
the SRD norm value of Gm proved to be somewhat lower (SRDnorm=10), indicating, that the 
amino acid profile of Gm is closer to the recommended pattern of infants than the one of adults’ 
and children’. This is due to the fact that infants need a higher ratio of valine than isoleucine, while 
the recommended amounts for adults and children are the same.  
 
 
Fig. 6. Box and whisker plot of Case study 3. Sevenfold cross-validation of SRD values (%) are 
plotted on the y-axis. The non-significantly different methods are marked with the “~” symbol. 
Notations in brackets: Adult house crickets (Ad_a), house cricket nymphs (Ad_n) (Acheta 
domesticus), superworms (Zm) (Zophobas morio larvae), giant mealworm larvae (gTm), 
mealworm larvae (Tm_l), adult mealworms (Tm_a) (Tenebrio molitor), waxworm larvae (Gm) 
(Galleria mellonella), and silkworm larvae (Bm) (Bombyx mori) 
Fig. 6 presents the box and whiskers plot of the cross-validated SRD values (%), which strengthen 
the results of Fig. 5. Insects denoted by Gm, Bm, Ad_n and Ad_a have the lowest SRD values. 
Gm does not differ significantly from the other three insects in the group. However, giant T. 
molitor larva (gTm_l) is identified as the most differing one. Our results suggest that in the case 
of amino acid patterns, there are clear differences between the species but not between 
development stages, suggesting that the amino acid pattern does not change much during 
development. It is important to note, that in this case, we used percentages; hence the results do 
not give any information about amounts, only about ratio differences. 
 
3.4 Case study 4 – vitamin content 
Data provided by Table 4 of Finke (2002) was used to compare the vitamin content of the selected 
insect species. Lumbricus terresstris (Lt) showed the highest vitamin content, the obtained 
SRDnorm value was 0, which means that Lt has always the same ranks as the reference column 
(Fig. 7). Reference values were chosen as the maximum values of the rows (vitamins). It has to be 
mentioned that SRD gives a clear ranking, even if there is a small difference between the samples. 
The normalized SRD values were in a small range (0-11) suggesting that the evaluated species 
have highly similar vitamin composition to the references and to each other. In Case study 3 – 
amino acid composition, larva denoted by Gm showed SRDnorm=12.5 and was placed on the first 
rank. Differences between developmental stages can be observed, there is a significant difference 
between insects with notations of Ad_n and Ad_a, as well as between Tm_a and Tm_l. These 
suggest that, during development, vitamin content changes. The adult forms show smaller values 
(e.g. closer to the 0 SRD); hence, it is suggested to harvest adult insects if higher vitamin content 
is an important factor to be considered. The larva gTm_l might look like an exception but giant 
mealworms are mealworms treated with the juvenile hormone in order to break the reproductive 
cycle of insects, which means that giant mealworm larvae are older individuals.  
 
  
Fig. 7. The SRD values (scaled between 0 and 100) of vitamin content. Maximum values of each 
vitamin concentrations were used as reference (benchmark) column. Scaled SRD values are 
plotted on x axis and left y axis, right y axis shows the relative frequencies of random ranking 
distribution function: black curve). The 5 % probability ranges (XX1), Median (Med), and 95 % 
(XX19) are also given. Notations are in brackets: Adult house crickets (Ad_a), house cricket 
nymphs (Ad_n) (Acheta domesticus), superworms (Zm) (Zophobas morio larvae), giant 
mealworm larvae (gTm), mealworm larvae (Tm_l), adult mealworms (Tm_a) (Tenebrio molitor), 
waxworm larvae (Gm) (Galleria mellonella), earthworm (Lt) (Lumbricus terresstris) and 
silkworm larvae (Bm) (Bombyx mori) 
 
Cross-validation renders uncertainties to the SRD values (to the sharp colored columns in the 
figures). However, its realization can be done differently i) in a stratified way (blockwise) called 
k-fold cross-validation with or without repetitions, the former one is also called Monte Carlo 
resampling, or ii) by repeated random selection. However, cross-validation without repetitions can 
also be completed differently: Venetian blinds (123123123, etc.), contiguous blocks (111222333, 
etc.), random selection (e.g. 1132213332, etc.), where 1, 2 and 3 denotes the training, the validation 
and the test sets. These methods are also called leave-many-out cross-validation; however, a 
borderline case leave-one-out also exists, when all cases (samples, objects) are left out once and 
only once. After many repetitions, a large number of SRD values are obtained. Present work 
applied (A) and repeated random cross-validation (B). Analysis of variance (ANOVA) is able to 
decompose the effects of different variants of cross-validation and the different types of insects. 
Now, our program is able to distinguish two types of cross-validation i) factor 1 (F1) has two levels 
(A = contiguous blockwise (stratified) selection; B= repeated random selection); ii) factor 2 (F2) 
is the k-fold cross-validation and has three levels 5-, 7- and 10-fold CV; and iii) factor 3 (F3) type 
of insects, with eight levels (the larva denoted by Lt is not suitable for an analysis of variance as it 
has no variability (SRD is always zero for Lt)) (Fig. 8). 
If the ordering of vitamins has no structure, the Venetian blinds and contiguous block-wise 
(stratified) selection should provide the same results; hence it is sufficient to study only one of 
them.  
 
 Fig. 8. Vitamin content analysis. The three plots represent the 5-, 7-, and 10-fold cross 
validations (k = 5, 7,10, respectively) done after stratified selection (A, blue lines) and repeated 
random selection (B, red lines) .Notations are: adult house crickets (Ad_a), house cricket nymphs 
(Ad_n) (Acheta domesticus), superworms (Zm) (Zophobas morio larvae), giant mealworm larvae 
(gTm), mealworm larvae (Tm_l), adult mealworms (Tm_a) (Tenebrio molitor), waxworm larvae 
(Gm) (Galleria mellonella), earthworms (Lt) (Lumbricus terresstris) and silkworm larvae (Bm) 
(Bombyx mori). 
 
3.5 Case study 5 – detailed analysis of T. molitor 
Case studies 1-4 focus on a given nutritional information and rank the species differently, which 
is a logical consequence of insect heterogeneity. There was no “perfect” insect (from a nutritional 
point of view) the “best” heavily depends on the nutrients evaluated. The question raises quickly, 
what happens if we collect all the data and conduct a global analysis. Case study 5 introduces this 
evaluation on the example of Tenebrio molitor. Detailed analysis of Tenebrio molitor (Tm) was 
provided by Ravzanaadii et al. (2012). The authors provided a complete nutritional description of 
T. molitor larva and adult form as well as the exuvium and excreta. Proximate nutrient data, an 
amino acid -, mineral- and fatty acid content is also provided by the authors.  
It should be mentioned that SRD is unable to handle weights in its present form; hence, all the 
included nutrients (rows in the input table) are handled as equally important. The authors of this 
manuscript are aware that different nutrients are not equally important; however, for the sake of 
comparison, we handle them equally. This way we provide a global picture about the differences 
between the development stage, the exuvium, and excreta. The global analysis revealed that the 
adult form of T. molitor has the most desirable nutritional characteristic, followed by larva (Fig. 
9). 
 
 
Fig. 9. The SRD values (scaled between 0 and 100) of the nutrient data determined by sum of 
ranking differences. Scaled SRD values are plotted on x axis and left y axis, right y axis shows 
the relative frequencies of random ranking distribution function: black curve). The 5 % 
probability ranges (XX1), Median (Med), and 95 % (XX19) are also given. Notations are in 
brackets: adult (a), larva (l), exuvium (ev), excreta (ec). 
 
 
 
If we compare these results to the previous ones, we need to take into account that the authors used 
samples from a different origin (the USA vs. the Republic of Korea) and there is a 10 years 
difference between the publications. In spite of these huge differences, it can be seen that based on 
the data provided by Finke (2002), adult T. molitor showed better characteristics than larva in the 
case of proximate nutrient profile and vitamins; however, larva proved to be better in the case of 
mineral content. Regarding the amino acid composition, previous results show that there is no 
difference, but it should be noted that Case study 3 uses the recommended amino acid scoring 
patterns for adults issued by FAO and in this case, we used different reference column.  
 
 
 
Fig. 10. Influence of data pre-processing: without transformation (no, purple triangle) and rank 
transformation (RNK, blue circle), range scaling (SCL, red square) and standardization (STD, 
green diamond). The three plots represent the 5-, 7-, and 10-fold cross validations (k=5, 7, 10, 
respectively). Notations are in brackets: adult (a), larva (l), exuvium (ev), excreta (ec). (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
 
Exuvium and excreta have higher ranks as expected. Detailed analysis revealed that this is caused 
mainly by the lower amino acid content (data not shown). However, excreta have a surprisingly 
good fatty acid composition, it showed high amounts of unsaturated fatty acids and low amounts 
of saturated ones.  
 
3.6 Case study 6 – origin 
Case study 5 gave an interesting result when we compared the data of T. molitor of different origin. 
In order to get a more detailed and reliable picture of the effect of origin, a simple comparison of 
two studies is not sufficient. A research article by Adámková et al. (2017) evaluated the nutritional 
profile of house crickets (Gryllus assimilis) and giant mealworms (Zophobas morio). The authors 
not only reported their results from Sumatra but collected fatty acid content of Zophobas morio 
from Brno (M. Bednárová, 2013), Marion (Finke, 2002) and Spain (Barroso et al., 2014). Fatty 
acid content of Tenebrio molitor from The Netherlands, Warsaw, Marion and Spain are also 
reported along with data of field cricket (Gryllus assimilis) and house crickets (Acheta domesticus) 
from Marion (Finke, 2002), The Netherlands (Tzompa-Sosa, Yi, van Valenberg, van Boekel, & 
Lakemond, 2014) and Spain (Barroso et al., 2014).  
Results presented by Fig. 11a shows that three groups can be formed by visual evaluation of SRD 
values. It can immediately be seen that some of the species do not differentiate from each other, 
they belong to the same cluster. Although the first three are all T. molitor samples, T. molitor can 
be found in almost all clusters (Fig. 11b). However, the first cluster consists of 5 samples out of 
which one is house cricket (Acheta domesticus, AD) from The Netherlands. Interestingly and 
reassuringly, samples from the same origin are located close to each other, e.g. TM from Spain or 
AD from Marion. These results suggest that origin (and study) has a stronger effect on the fatty 
acid composition than the species. This information raises the attention that insects should not be 
handled as one big source of food supporting the statement of (Payne et al., 2016): “term ‘insects’ 
is not a useful food category in discussions of health and nutrition” There are only a few studies, 
which provide robust data. There are, naturally, other sources of nutrient data such as USDA, 
AUSNUT or FAO/INFOODS, which all contain more or fewer insect species. However, as we 
introduced in the present article, these should be used with caution due to the high variability 
between the sources.  
 
 
 
  
Fig. 11. a) Aggregated results of all three transformations rank (RNK), scaling (SCL) and 
standardization (STD) and without any. Lower SRD [%] values mean that the insect species is 
closer to the hypothetical best one. b) Dendrogram of hierarchical cluster analysis (Euclidean 
distance, Ward’s method) run on the SRD values. Notations are: ZMSul (Zophobas morio, 
Sumatra, larva, Adámková et al., 2017), ZMBrl (Zophobas morio, Brno, larva, Bednárová, 
Borkovcová, Mlcek, Rop, & Zeman, 2013), ZMMal (Zophobas morio, Marion, larva, Finke, 
2002), ZMSpl (Zophobas morio, Spain, larva, Barroso, Haro, Venegas, & Mart, 2013), TMSuP 
(Tenebrio molitor, Sumatra, pupa, Adámková et al., 2017), TMSul (Tenebrio molitor, Sumatra, 
larva, Adámková et al., 2017), TMNL (Tenebrio molitor, The Netherlands, Tzompa-Sosa, Yi, van 
Valenberg, van Boekel, & Lakemond, 2014), TMPo (Tenebrio molitor, Warsaw, Poland, 
Zielińska, Baraniak, Karaś, Rybczyńska, & Jakubczyk, 2015), TMMal (Tenebrio molitor, Marion, 
larva, Finke, 2002), TMSpl (Tenebrio molitor, Spain, larva, Sánchez-Muros, Barroso, & de Haro, 
2016), TMSpl2 (Tenebrio molitor, Spain, larva, Barroso et al., 2013), TMMaA (Tenebrio molitor, 
Marion, adult, Finke, 2002), GASuN (Gryllus assimilis, Sumatra, nymph, Adámková et al., 2017), 
GASpA (Gryllus assimilis, Spain, adult, Barroso, Haro, Venegas, & Mart, 2013), ADMaA (Acheta 
domesticus, Marion, adult, Finke, 2002), ADMaN (Acheta domesticus, Marion, nymph, Finke, 
2002), ADNL (Acheta domesticus, The Netherlands, Tzompa-Sosa, Yi, van Valenberg, van 
Boekel, & Lakemond, 2014), ADSpA (Acheta domesticus, Spain, adult, Barroso, Haro, Venegas, 
& Mart, 2013) 
 
4. Discussion 
Entomophagy is not a new issue. It started by the early humans (A. van Huis, 2017) and there are 
about 1900 species consumed in several countries around the world. It received increased scientific 
attention in the past few years and a high number of publications, books (scientific and cookbooks 
also) were published and conferences, meetings, workshops were held. Numerous startup 
companies were established in the USA and EU as well, which launched several food products 
containing insects in various amounts and forms. It is interesting to see; however, that only a few 
publications aim the nutritional profiles of insects. The published data is frequently not applicable 
for further data analyses. The majority of the publications lack important details, such as the feed 
of the analyzed insets, their developmental stage and, in some cases, even the used analytical 
methods are unclear. Presented data is inconsistent, in some cases, only a few nutritional data are 
present, which makes a comparison difficult between studies. In several cases, researchers aim to 
characterize one or two species (see e.g. Ssepuuya, Mukisa, and Nakimbugwe, 2017). Very few 
publications aim to compare the obtained results with traditional meat products and the authors of 
this publication were not able to find any studies, which conducted a complete nutritional 
comparison of insects and other protein sources.  
Proximate analysis results show that insects are better alternatives compared to traditional proteins. 
Although studying different species, but the same conclusions were drawn by Chakravorty et al. 
(2014), where Chondacris rosea and Brachytrupes orientalis showed higher protein content 
compared to other proteins; however, their amino acid content was inferior. Insects should not be 
considered as major mineral sources. Huge differences are present between the minerals but their 
multicriteria optimization shows that they generally do not differ greatly from traditional proteins 
and barely and lentil may be a better option when it comes to minerals. The same results were 
presented in the cases of Oecophylla smaragdina and Odontotermes sp., which are preferred in 
Arunachal Pradesh, India (Chakravorty, Ghosh, Megu, Jung, & Meyer-Rochow, 2016). However, 
the first study about the bioavailability of insects showed that insects contain higher amounts of 
biologically available iron (Latunde-Dada, Yang, & Vera Aviles, 2016). 
The few studies, which aimed to compare the “healthiness” of insects to other meats concluded 
that insects are highly diverse and their nutritional profile is influenced by many factors (Payne et 
al., 2016). Our results show the same, species are the most influencing factor but developmental 
stage can also exert significant differences within species. In case of Blattodea species, adults were 
found to be better sources of protein, ash and calcium, but contained less fat compared to subadults 
(Kulma et al., 2016). Mealworms, for example, are also suggested to be consumed in adult form 
when the proximate nutritional profile is analyzed, while larvae could be a better choice when the 
mineral content is more important. On the other hand, the amino acid content shows similar 
patterns, but the complex analysis (all nutrients evaluated) puts adult form on the first place in the 
comparison. In a recent study, the effect of sex of Acheta domesticus species on their nutritional 
value was compared. The authors found that males contained lower energy and significantly less 
lipids, while more protein compared to females. On the other hand, amino acid content and fatty 
acid profile showed not significant differences (Kulma et al., 2019).  
 
5. Conclusions 
A multicriteria optimization of insect species’ nutritional data reveals the similarities and 
dissimilarities of insects from a nutritional point of view. Nutritional comparison of insects as 
traditional protein sources is hard to be completed because of the (partly) contradictory behavior 
of individual values. The sum of ranking differences method is able to compare species based on 
several nutritional components at once. Unfortunately, the different data sources do not make it 
possible to conduct a throughout nutrient analysis due to mostly missing values of many entries. 
However, the provided meta-analysis shows that the superiority of insects as a protein source 
cannot be stated in every case; although, the general overview is promising. It is necessary to 
differentiate between insects and should not be handled as a whole, homogenous food source. 
There are no “best” or “healthiest” insect species because the assessment of “best” heavily depends 
on the nutrients in question. For example, the proximate analysis shows that adult mealworms 
should be chosen, while waxworm larvae (Galleria mellonella) have the highest mineral content 
among the evaluated items. 
Sum of ranking differences method gave robust and validated results; however, the quality of input 
data is essential. Unfortunately, numerous publications lack several details about the insect 
material they use. As our results suggest, studies from different parts of the world give significantly 
different nutrient results about the same species; hence further data and carefully designed 
experiments are needed to identify and to characterize the best insect species suitable for human 
consumption. 
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